This study examines the influence of Gulf of Mexico views on residential home sales prices in Pinellas County, Florida. We utilize Light Detection and Ranging (lidar) data to construct four continuous measures of Gulf of Mexico views -the total view, the maximum view segment, the mean view segment, and proximity to view content. Our results illustrate that residential property owners have a higher marginal willingness-to-pay for larger total views and larger continuous view segments. Results also indicate that the proximity of homes to the view content influences view valuations.
Introduction
The flow of services from recreational and aesthetic amenities plays a contributing role in people's residential property choices. Consequently, these amenities influence high population densities in the amenity rich, coastal United States. In fact, when compared to other locations, a disproportionate number of people in the U.S. live on or near the coast. For example, roughly 35% of the US population lives within shore-adjacent US coastal counties -an area representing only 17% of the total U.S. land area .
1 While people have long been drawn to the coast, a lack of explicit markets for many coastal resources complicates our understanding of the how the flow of these services impact residential decisions. One way researchers have approached the challenge of valuing local environmental amenities is through the use of residential property transactions, via hedonic property models. In this paper, we use the hedonic framework to assess the influence of coastal view amenities, or viewsheds, on residential home prices.
In the valuation of viewsheds, researchers should make a concerted effort to communicate the specific view characteristics their analyses capture. Bourassa, Hoesli, and Sun 2 (2004) discuss the failure of numerous studies to fully characterize their view measures. As an extension of their discussion, we differentiate the objective constituent components of a view into view content, scope, orientation, and content distance. These components capture the content of an individual home's viewshed (view content), the magnitude or size of a view (view scope), the direction of the existing view in relation to the home's spatial orientation (view orientation), and the distance to the relevant view content influencing the homebuyer's purchasing decision (content distance).
Our study investigates the influence of a Gulf of Mexico view on home prices in Pinellas
County, Florida. We focus on two constituent components of a Gulf of Mexico view, scope and content distance. Utilizing Light Detection and Ranging (lidar) data, we construct a continuous measure of view that accounts for natural and man-made obstructions. By identifying each continuous swath of view as a view segment, we then examine three different ways in which the scope of a coastal view, in degrees, could be measured in a hedonic framework -the total view, the largest or maximum view segment, and the arithmetic mean of all view segments. In addition, we also study one type of content distance view measure. Finally, we estimate the marginal willingness-to-pay for these viewshed components.
Our general findings suggest that lidar-based view measures allow for significant flexibility in understanding the influence of view scope on sales prices. Households assign higher marginal valuations to their largest continuous view segment when compared to their total view. Of the three measures, we find the highest point estimates are associated with marginal increases in mean view, but this measure also captures the greatest uncertainty, as represented by the widest confidence intervals in marginal willingness-to-pay (MWTP). Last, our results indicate that content distance does influence point estimates of MWTP.
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Background
Numerous studies have examined the aesthetic value of views within the hedonic framework. Over time, viewshed measures have become increasingly precise. Early research commonly captured property views by utilizing discrete variables, either through a single dummy variable, which acted as a proxy to infer the existence of a view of a resource, or through the use of a view scale, which is a type of subjective view measure, requiring a number of dummy variables to represent the quality of a view (Bensen et al. 1995; Pompe and Reinhart 1995; Bond et al. 2002; Bourassa et al 2004) . 2 Other studies also examined the role of distance on the value of views (Bensen et al. 1995; Tyrväinen and Miettnen; Bourassa et al. 2004) . 3 The typical finding across these studies is that view amenities positively impact property values and the implicit value of a view decreases with increasing distance from a resource.
While these findings provided initial insight into the premium homeowners will pay for the view of an adjacent resource, the methods used to capture views in the hedonic property function had distinct limitations. First, constructing a view measure usually required physical inspection of the property, either by the researchers themselves or via household surveys. As such, these measures tend to suffer from the subjective nature of the researcher-derived view classification. The inclusion of dummy variables also limits the precision of these measures. In addition, the laborious nature of quantifying views within the hedonic framework meant that relevant studies were often characterized by a small sample of properties.
More recent studies have utilized advances in Geographic Information Systems (GIS) to generate view measures. These studies generate continuous view measures which provide significant improvements in precision when compared to the previous binary indicators or subjective view measures (Lake et al. 1998; Din et al. 2001; and Patterson and Boyle 2002 These types of examples help motivate the need to better understand the objective constituents of views.
Site Area and Data
We obtained real estate sales data from the Pinellas County property appraiser's office Our second viewshed measure examines each property's largest view segment of the IPVA°.
The IPVA° measure was divided into segments with a minimum possible segment of 0° and a maximum of 180°. Each property was then assigned the number of segments occurring and 8 attributes that summarize the minimum, maximum, mean and standard deviation of its view segments. We surmise that two properties may exhibit an equivalent overall view of the shoreline but due to obstructions, the size of segments in each property's viewshed differs. We hypothesize that homebuyers prefer large continuous view segments as opposed to small individual view segments. Our third measure of view scope utilizes the arithmetic mean of each property's view segments. It is our hypothesis that homebuyers not only prefer properties with one large view segment, but they also prefer larger view segments on average. Last, we measure the influence of distance on a property's view measure (content distance) by interacting our continuous view measure with dummy variables representing distances to the Gulf shoreline.
Empirical Model
Hedonic property models are predicated on the theory that the prices of heterogeneous 
where P represents the price of a unit, which is a function of vectors of structural (S), neighborhood (N), and environmental (E) characteristics. Because housing supply is assumed to be fixed in the short run, the hedonic price function arises as the consequence of bidding by home buyers. Assuming the hedonic price function is continuously differentiable, Rosen (1974) 9 postulated that the first derivative of equation (1) with respect to any continuous attribute results in an average household's marginal willingness to pay for an additional unit of that attribute.
In the last twenty years, the hedonic literature has begun to place a growing emphasis on spatial dependence in residential housing markets (Dubin 1988; Anselin and Bera 1998; Kim, Phipps, and Anselin 2003) . Traditional estimation methods often fail to account for spatial autocorrelation, even with the inclusion of location-based indicators. Often home prices will cluster according to spatial characteristics. In some cases, the prices may be spatially clustered due to unobserved neighborhood characteristics such as school quality or crime rates. In other cases, structural characteristics of adjacent homes may be reflected in sales prices. Failure to account for spatial dependence can violate the assumption of uncorrelated error terms and lead to biased and inefficient coefficient estimates.
Regression diagnostics based on Ordinary Least Squares (OLS) estimation procedures
tests suggest the presence of spatial autocorrelation. We estimate the hedonic price function with a log-linear specification. Lagrange Multiplier (LM) test statistics suggest the use of a spatial simultaneous autoregressive lag model. 5 The formal spatial lag model is
where P is an i × 1 vector of residential sales prices for i observations, ρ is a spatial autoregressive coefficient, W is an i × i spatial weights matrix, βis an s × 1 vector of structural variable coefficients, S is an i × s matrix of observations on structural home variables, δis an n × 1 vector of neighborhood variable coefficients, N is an i × n matrix of observations on neighborhood variables, θis an e × 1 vector of environmental variable coefficients, E is an i × e matrix of observations on environmental variables, and ε is an i × 1 vector of independent and identically distributed random error terms. In equation 2, the spatial autoregressive coefficient, ρ, reflects the average influence of neighboring properties on sample home prices.
In the spatial lag model, marginal changes in housing characteristics must reflect the spatial spillovers or diffusions represented by ρWP. This means that spatially relevant characteristics can directly influence the price of a house in question while also indirectly influencing the price of neighboring properties. Kim, Phipps, and Anselin (2003) recommend estimating marginal effects in spatial lag models with the inclusion of a spatial multiplier,
In our study, we are interested in estimating the marginal willingness-to-pay for view amenities. Given our log-linear specification, we measure the MWTP for a Gulf of Mexico view
All reported values of MWTP are computed with mean home sales prices. We use the Krinksy and Robb (1986) parametric bootstrap procedure with 5000 draws from a multivariate normal distribution to generate confidence intervals for MWTP.
Results
Construction of the spatial weights matrix plays a key role in capturing the unobserved spatial characteristics that contribute to spatial dependence. We follow suggestions by Anselin and Bera (1998) in the construction of our spatial weights. After experimenting with different weight matrices, we choose a row standardized weighting scheme where neighbors are defined with a distance cutoff. The distance cutoff defines the extent of spatial spillover within the study area. We use a spatial weighting matrix that identifies properties within 1640 feet. All properties outside 1640 feet are treated as zero elements in the weighting matrix.
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In our investigation of the influence of view scope, we estimate three primary model specifications with the log of sales prices used as the dependent variable. With one exception, the island fixed effects do not have statistically significant coefficient estimates.
Among the other variables included are a quadratic specification for home area (square feet/1000), property area (square feet/1000), and distance to the Gulf shoreline (hundred foot increments) in order to account for potential non-linear effects. The distance to the Gulf shoreline plays an important role in our specification because it controls for differences between local amenities associated with the Gulf of Mexico. Distance captures ecosystem services, such as recreation, that need to be identified separately from view. The total and mean visibility models provide evidence that homebuyers prefer homes closer to the Gulf, but the influence diminishes with increased distance.
Other variables included in each specification are the number of bathroom water connections, the distance to downtown Tampa, a 
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In addition to view scope, we also estimate seven models capturing varying magnitudes of content distance. We retain our previous total visibility model specification, with the exception of our content distance measures. In order to capture content distance, we create indicator variables based on different distances from the Gulf of Mexico. Table 3 depicts the results of these estimation procedures. 7 The seven measures represent a sensitivity analysis for content distance in that they estimate the influence of interacting different distance bands (1500 ft, 1000 ft, 900 ft, 800 ft, 700 ft, 600 ft, and 500 ft) with our total visibility measure. For example, our model that uses 1500 ft distance bands is specified to include two variables that MWTP estimates for our Gulf of Mexico visibility measures can be found in Table 4 .
We estimate standard errors using the Krinsky-Robb method, where 5000 random variables are computed from our parameter estimates (Krinsky and Robb 1986). In the total visibility model, 
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We conduct the Breusch-Pagan test for heteroskedasticity for the Total Visibility (χ2 = 80.181; p-value = 6.272e-07), Maximum Visibility (χ2 = 73.490; p-value = 5.970e-06),
and Mean Visibility (χ2 = 79.050; p-value 9.240e-07. 
